A one-pot, multi-component coupling reaction of aromatic aldehydes, 2-naphthol and semicarbazide (hydrochloride)/thiosemicarbazide using LaCl 3 /ClCH 2 COOH as an efficient catalyst system under solvent free condition at elevated temperature was investigated. High yields, short reaction time, easy work-up, green environment which requires no toxic organic solvents and reusability of the catalyst are the advantages of this procedure. ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
Introduction
Semicarbazide derivatives are an important class of compounds because they have been found to possess useful biological activities (Bonaiuto et al., 2010; Takahashi et al., 2007; Olivieri et al., 2010) . Their tendency to be potent inhibitors of metallo-enzymes has been approved. Thus, the synthesis of semicarbazide derivatives is an important and useful task in organic chemistry.
Multi-component reactions (MCRs) are powerful and useful synthetic tool to produce complex organic molecules due to the formation of carbon-carbon and carbon-heteroatom bonds in a one-pot pathway (Lu et al., 2000; Domling and Ugi, 2000; Zhu and Bienayme´, 2005) .
Therefore, the design of novel MCRs has attracted a great attention of the research groups working in medicinal chemistry and drug discovery.
One example of the MCRs is the synthesis of 1-amidoalkyl 2-naphthols which can be carried out by condensation of aryl aldehydes, 2-naphthol and acetonitrile or amide in the presence of different catalysts such as montmorillonite K10 clay (Nagarapu et al., 2007) , HClO 4 -SiO 2 (Shaterian et al., 2008) , Iodine (Das et al., 2007) , p-toluene sulfonic acid (p-TSA) (Khodaei et al., 2006) , sulfamic acid/ultrasound (Patil et al., 2007a,b) , cation-exchange resins (Patil et al., 2007a,b) , heteropoly acid (Dorehgiraee et al., 2009; Nagarapu et al., 2007) , wet cyanuric chloride (Mahdavinia and Bigdeli, 2009 ), triytl chloride (Khazaei et al., 2010) , P 2 O 5 (Nandi et al., 2009 ), 4-(1-imidazolium)butane sulfonate (Kundu et al., 2010) , N-(4sulfonic acid)butyl triethylammonium hydrogensulfate (Hajipour et al., 2009 ), 1-butyl-3-methylimidazolium hydrogen sulfate (Sapkal et al., 2009 ), 1-butyl-3-methylimidazolium bromide ([Bmim] Br) (Zare et al., 2011) , and 1-Hexanesulfonic acid sodium salt (Niralwad et al., 2011) .
Nevertheless, development and discovery of new MCRs are still in demand. Recently a one-pot, multi-component reaction for the preparation of 4-semicarbazonoalkyl-2-naphthols by reacting aldehydes, 2-naphthol and semicarbazide (hydrochloride) in stoichiometric ratio of 2:1:1 in the presence of PTSA/ NaOAC as a catalyst was reported (Foroughifar et al., 2008) .
Herein we wish to report the synthesis of 1-((2-hydroxynaphthalen-1-yl)(phenyl)methyl)semicarbazides/thiosemicarbazides, from condensation reaction of aldehyde, 2-naphthol and semicarbazide (hydrochloride) or thiosemicarbazide in stoichiometric ratio of 1:1:1.1 in the presence of LaCl 3 / ClCH 2 COOH as a catalyst (Scheme 1).
Experimental section

Reagents and analysis
Starting materials, solvents, and reagents were either prepared in our laboratories or purchased from Merck, Fluka chemical companies, and used without purification. LaCl 3 was prepared by unhydrating LaCl 3 AE7H 2 O at 140°C for 24 h. IR spectra were recorded by using a BRUKER FT-IR spectrophotometer with KBr plates, 1 H and 13 C NMR spectra were recorded on a Bruker 400-MHz spectrometer in chloroform as a solvent and tetramethylsilan (TMS) as an internal standard. Melting points were recorded on an electrothermal apparatus and were uncorrected.
General procedure
A mixture of 2-naphthol (1 mmol), semicarbazide/thiosemicarbazide (1.1 mmol), aldehyde (1 mmol), lanthanum(III) chloride (0.03 g, 0.12 mmol), in chloroacetic acid (2 mmol) was heated at 125°C for an appropriate time ( Table 2 ). The progress of the reaction was checked by TLC (chloroform/petro-leum 2/1) and after completion of the reaction, the mixture was diluted with EtOH/H 2 O (2/1) and then the crude product was recrystallized from EtOH (96%) to afford the pure product. All of the compounds which were synthesized are unknown compounds and were fully characterized by IR, Mass, 1 H NMR, 13 C NMR spectral data and also micro elemental analyses.
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Results and discussion
In order to clarify the roll of LaCl 3 as a catalyst, the threecomponent reaction was carried out in the presence of ClCH 2 COOH and in the absence of the catalyst. In this case the reaction needed a longer time to be completed and lower yield was obtained and also increasing reaction temperature does not have any significant affect on the yield of the reaction. Proper catalyst conditions were obtained by using LaCl 3 at different various organic solvents, and the results are shown in Table 1 , thus the best results were obtained when the reactions were carried out in the presence of chloroacetic acid.
The amount of LaCl 3 was optimized on the reaction of 2chlorobenzaldehyde, 2-naphtol and semicarbazide (hydrochloride). The results were shown that a proper amount was 0.03 g (0.12 mmol) LaCl 3 (Fig. 1) .
Encouraged by this result, a wide variety of aromatic aldehydes (2a-2i) were treated under optimized conditions and afforded the corresponding products (Table 2) in good to excellent yields.
The separated catalyst can be reused after washing with CHCl 3 and drying at 100°C. The reusability of the catalyst was checked by the reaction of benzaldehyde and 2-naphthol in the presence of semicarbazide (hydrochloride) using 0.122 mmol of LaCl 3 /ClCH 2 COOH under solvent free condition at 125°C. The results indicate that the catalyst can be used three times without any loss of its activity (Table 3) . Scheme 3 Synthesis of 1-((2-hydroxynaphthalen-1-yl)(phenyl)methyl)semicarbazide/thiosemicarbazide by a two-step reaction.
Lanthanum(III) chloride/chloroacetic acid as an efficient and reusable catalytic system S733 A plausible mechanism for the synthesis of 1-((2-hydroxynaphthalen-1-yl)(phenyl)methyl)semicarbazide/thiosemicarbazide has been shown in Scheme 2.
We believe that LaCl 3 is coordinated to the carbonyl group of the aromatic aldehyde followed by the attack of the NH 2 group of semicarbazide to the activated carbonyl group, by removing the O that was coordinated to La +3 , then the imine group was formed, chloroacetic acid activates imine which will be attacked by 2-naphtol and the final product will be formed.
In order to obtain more information regarding the nature of the reaction, the reaction was run with a different pathway, which was done by a two-step procedure as it has been shown in Scheme 3. The product of two-step reaction and one-pot reaction was identical in both cases.
Conclusion
In conclusion, the synthesis of 1-((2-hydroxynaphthalen-1yl)(phenyl)methyl)semicarbazides/thiosemicarbazides is reported, which is achieved by condensation of semicarbazide (hydrochloride)/thiosemicarbazide, 2-naphthol and aromatic aldehydes in the presence of a catalytic amount of lanthanum(III) chloride/chloroacetic acid as an efficient, green, readily available and environmentally benign catalyst. This new approach provides good yields of the corresponding final products with short reaction times and also simple experimental procedure. In addition it is consistent with the green chemistry approach, since no organic solvent is needed.
